The aim of this work was to verify the impact of feed supplemented with selected inorganic and organic zinc compounds on the total cholesterol concentrations and other blood plasma indices in breeding cocks. A total of 250 RIR 05 breeding cocks, 9 weeks old, were used. The cocks were divided into 5 groups of 50 animals each
. Many authors have demonstrated the impact of zinc supplementation within several indices of the internal environment in birds (Kucuk et al. 2003; Sahin et al. 2005) , mammals and humans (Gatto and Samman 1995; Hughes and Samman 2006) . Its significance has also been stated in relation to various metabolic disorders as well as several diseases, such as Ischemic Heart Disease (IHD), dyslipidemia, hypertension, diabetes mellitus and obesity (Truswel 2003) .
The aim of this work was to verify the impact of feed supplemented with selected inorganic and organic zinc compounds on total cholesterol levels and other blood plasma indices in breeding cocks.
Materials and Methods
A total of 250 RIR 05 breeding cocks, aged 9 weeks were selected for the experiment. The cocks were analogically divided (according to their live weight) into 5 groups (four experimental groups P1-P4 and one control group C) of 50 animals each, and were located in the experimental stable of th week of the experiment, 10 cocks from each group were randomly selected. Blood samples for biochemical examination were taken from the basilic vein. The concentrations of total cholesterol (Chol), total proteins (TP), glucose (Glu), aspartate aminotransferase (AST), alanine aminotransferase (ALT), calcium (Ca), phosphorus (P) and magnesium (Mg) in blood plasma were spectrophotometrically measured using a biochemical analyser, Cobas EMira, and commercial kits (Biovendor a.s., Czech Republic).
The results were processed using statistical software Unistat 5.1.; ANOVA was used to evaluate the data. Differences between the experimental and control groups at a significance level of P ≤ 0.05 were considered significant, and P ≤ 0.01 as highly significant.
Results
The experimental groups at 10 weeks age of breeding cocks did not reveal any significant changes in total cholesterol and other blood plasma indices when compared to the control group (Table 1) .
At 15 weeks old the groups which were given the organic zinc forms P3 (Minvital) and P4 (Bioplex), showed a significant (P ≤ 0.05) and highly significant (P ≤ 0.01) decrease of total cholesterol in their blood plasma compared to control group. Other blood plasma indices in the experimental groups did not reveal any significant changes compared to the control group (Table 1) .
In the 20 th and 25 th week of age, cocks of all experimental groups showed a highly significant (P ≤ 0.01) decrease of total cholesterol concentrations in the blood plasma compared to control group, regardless of the zinc form that had been supplemented. Other indices monitored in the experimental groups did not reveal any significant changes compared to the control group (Table 1) . Table 1 . Biochemical indices of the blood plasma of cocks 10-25 weeks old (mean ± SD) *P ≤ 0.05, **P ≤ 0.01, Chol -cholesterol; TP -total proteins; Glu -glucose; AST -aspartate aminotransferase; ALT -alanine aminotransferase; Ca -calcium, P -phosphorus; Mg -magnesium C1 -control group, P1 -zinc sulphate (ZnSO 4 ), P2 -zinc oxide (ZnO), P3 -Minvital Zn, P4 -Bioplex Zn. 
Discussion
A great part of published works dealing with the influence of zinc on the internal environment and the biochemical indices of blood and health disorders has its origin in the area of human medicine. A placebo-controlled, double-blind randomized trial, which included 3,640 humans, was performed. It revealed that concentrations of plasma cholesterol are influenced by zinc (ZnO) supplementation (80 mg.day -1 ), either alone or in combination with copper or vitamins (Gensler et al. 2002) . The decrease of cholesterol levels in blood plasma was also achieved in older populations, where zinc intake or serum zinc concentrations are lower than recommended, and they were provided zinc supplements in the amount of 20-53 mg·day -1 (Boukaiba et al. 1993 ). The above results are supported by data from many researches in the area of veterinary medicine. The anti-atherogenic effect of zinc in hypercholesterolemic rabbits was reported (Ren et al. 2006; Rashtchizadeh et al. 2008) . Zinc deficiency caused increased plasma lipid levels and an increased risk of cardiovascular diseases in LDL receptor knock-out mice. Mice with zinc-deficient diets exhibited increased cholesterol and triglycerides levels in blood plasma (Reiterer et al. 2005) . Bolkent et al. (2006) proved the protective effect of zinc supplementation on lipid metabolism indices (total lipids, cholesterol, HDLcholesterol) in laboratory rats with streptozotocin-induced type 1 diabetes.
In our study, a significant decrease in the levels of total cholesterol in the blood plasma of breeding cocks was found in case of feed mixtures supplemented with zinc, to the amount of 100 mg·kg -1 in all the used forms of zinc (organic and inorganic). Our results confirmed previous findings, which proved the positive impact of zinc on lipid metabolism indices. Herzig et al. (2009) proved that there was a significant decrease of plasma cholesterol in their experiment involving the administering of high amounts of zinc to chicken broilers. Aksu et al. (2010) also reported the decrease of total and LDL cholesterol, combined with the increase in HDL cholesterol in chickens' blood plasma, when the feed mixtures were supplemented with organic complexes of zinc, copper and manganese. However, Kucuk et al. (2008) did not confirm any significant changes in the concentrations of total cholesterol, triglycerides and glucose when supplementing 30 mg of Zn per 1 kg of a feed mixture.
A significant decrease of the concentrations of total cholesterol in blood plasma of breeding cocks was found in case of supplementing feeding mixtures with zinc to the amount of 100 mg·kg -1 in all used forms (organic and inorganic). It confirms the previous findings, which prove the positive impact of zinc on the lipid metabolism indices. The faster onset of the effects of organic zinc forms, after two weeks of administering, is most likely connected with the higher biological availability of elements bound in organic compounds compared to inorganic forms (Cao et al. 2003; Mantovani et al. 2010; Petrovic et al. 2010) .
The impact of zinc on other monitored blood plasma indices in breeding cocks was not found in our study; the similar results were obtained by Bonham et al. (2003) . The presented work provides the first available experimental evidence regarding the impact of zinc supplementation on the cholesterol concentrations in blood plasma of breeding cocks.
